Study Objectives: To examine changes in elementary aged children's sleep and physical activity during a 1-week and a 3-week school break.
Introduction
The structured days hypothesis suggests that children engage in a greater number of behaviors that lead to increased weight gain on less-structured days (e.g. weekends, spring break, summer vacation) than on more-structured days (e.g. school days) [1] . Increased obesogenic behaviors on unstructured days include increased time spent sedentary, reduced engagement in physical activity, and displaced sleep patterns (i.e. shifting bed and wake times earlier or later). Extended exposure to unstructured environments during the summer may lead to the well-documented phenomenon of accelerated unhealthy weight gain and fitness loss in elementary aged children over summer break from school [2] [3] [4] [5] [6] [7] [8] [9] .
However, the evidence supporting the structured days hypothesis has mostly examined weekday versus weekend days [10] [11] [12] [13] [14] [15] [16] . Few studies have examined behaviors over longer unstructured periods like the summer or holiday breaks. Those studies that have examined behaviors during extended breaks from school have largely relied on self-reported [17] [18] [19] and/or between participant comparisons (i.e. different children measured during school and summer) [17, [20] [21] [22] . Regardless of these methodological weaknesses, these studies consistently show that children's sleep shifts later and lasts longer while physical activity levels decrease during breaks from school. Further, studies in adolescents have shown that sleep and physical activity can change in just 2 weeks away from school [19] .
Only two small studies, one with data on 14 children and the other with data on 30 children, have employed objective measures and a within participant repeated measures design to explore changes in physical activity during extended school breaks [23, 24] . Both studies found that children were less active during the break from school when compared to activity levels during the school year. One of these studies also examined changes in children's sleep during break [24] . This study found that children slept for 14.3 more minutes per day during the school break when compared to a school week. However, the small sample size of these studies limits the external validity of the findings. Further, the study that examined sleep did not present changes in children's bed or wake times, which has been shown to be related to weight status independent of sleep duration [25, 26] . Another study used actigraphy to examine the changes in sleep patterns of 146 adolescents during a 2-week break from school [27] . This study found that bed and wake times shifted later, total sleep time increased, and sleep efficiency decreased during breaks from school. However, given the developmental differences between elementary-aged children and adolescents, generalizing findings from studies in adolescents to elementary aged children may not be appropriate.
Understanding the impact of extended breaks from school on elementary aged children's obesogenic behaviors can inform strategies to address these unhealthy behaviors particularly during extended breaks from school (e.g. school holidays and during summer) wherein marked weight gain and fitness loss can occur [4, 5] . Identifying which behaviors are changing in negative ways can inform targets for intervention. Alternatively, identifying which behaviors are unaffected by breaks can allow interventionists to avoid costly and ineffective interventions that target extraneous behaviors. Thus, the objective of this natural experiment was to use a within and between participant design to explore changes in elementary children's sleep and physical activity during school breaks versus regular school schedules and to compare differences in changes between 1-week versus 3-week breaks.
Methods

Participating schools and children
The characteristics of the participating schools and children are presented in Table 1 . Three schools in one school district were invited to participate in the study. Schools were selected because one school (i.e. School A) followed a year-round schedule and the two other schools (i.e. School B and C) were match-paired based on student population race/ethnicity and gender, number of students enrolled, age/grade levels served, percentage of students receiving free and reduced lunch, and academic test scores.
School schedules
The main contrast of interest in the current natural experiment was the type of school schedule that the participating schools followed (i.e. traditional vs. year-round). Traditional schools follow a calendar that condenses the 180-day school year into 9 months, typically late August through May, and takes an extended 3 month, typically June through early August, vacation from school during the summer. Year-round schools follow a 180-day school year as well, but year-round schools spread school days equally throughout the calendar year by taking shorter, more frequent breaks. The year-round school in this study followed a 45 on 15 off schedule. That is, 45 weekdays (i.e. 9 weeks) that children attend school followed by 15 weekdays (i.e. 3 weeks) that children do not attend school. The observation period in this study overlapped with the traditional schools' spring break (i.e. 1 week of school break) and the year-round school's 15-day break (i.e. 3 weeks of school break).
Measurement of physical activity and sleep
Physical activity and sleep were measured using a Fitbit Charge 2 (Fitbit Inc., San Francisco, California). Fitbit Charge devices have been shown to provide sleep and heart rate estimates that demonstrate good agreement with polysomnography and electrocardiography, respectively [28] [29] [30] . Fitbits were chosen because of this and to minimize participant burden (e.g. ability for family to charge and sync devices at home thus eliminating the need for multiple contacts with the research team to trade out devices over the study duration) over extended wear periods. Each Fitbit was assigned a unique numeric identifier. Researchers created a generic account for each profile prior to providing it to children during their regularly scheduled physical education class. Profiles were linked to Fitabase (San Diego, California) a web-based interface that allows remote access and data download of participants' Fitbit data.
Measurement of structured program attendance outside of the school day
To examine engagement in structured programs during non-school hours, parents also completed a brief survey on which they reported the number of structured programs that children attended outside of the school day, each month, over the past year. Structured programs were defined as pre-planned, segmented, and adult-supervised compulsory environments. Examples of structured programs included: after-school programs, summer camps, sports programs, and practices, etc.
Procedures
All kindergarten through third-grade students enrolled at the participating schools were invited to participate in the study in the Spring of 2018. Due to a limited number of Fitbits, from the 254 children that consented, a total of 240 were randomly selected to participate in the study. Children received their Fitbit 2 weeks (i.e. year-round school) and 4 weeks (i.e. traditional schools) prior to spring break and wore the Fitbit for eight consecutive weeks. Children were instructed to wear the devices at all times including when they slept, showered/bathed, and swam (i.e. 24-hour wear protocol).
Statistical analyses
Data processing
At the end of the 8-week period, each child's heart rate and sleep data were downloaded via Fitabase. Data from the first week of wear (i.e. run-in period) were removed prior to processing leaving each child with seven possible weeks (i.e. 49 days) of heart rate and sleep data. Heart rate data (i.e. beats per minute) were downloaded for each second of wear while sleep data were downloaded for each minute of wear. On average a heart rate was sampled every 8.0 (SD = 4.6) seconds of wear. Data processing was informed by the ISCOLE data processing protocols [31] .
Sleep data were exported to identify child sleep episodes. Bedtime was determined to be the time that the first minute of a sleep episode began. Wake time was identified as the last [32] . If sleep segments were separated by less than 20 minutes they were considered one continuous sleep segment [31] .
To distill the heart rate data into activity intensity levels each child's resting heart rate was identified as the average of the lowest 10-minute heart rate beats-per-minute for each day. This is consistent with previous studies collecting heart rate over a full day [33] [34] [35] [36] . Resting heart rates were calculated for each child each day of wear. Resting heart rates that were above the 95th (90 bpm), or below the 5th (50 bpm) percentile were considered implausible and were replaced with the closest day that the child had a plausible resting heart rate. Heart rates were distilled into activity intensity levels based on percent heart rate reserve (HRR). Consistent with previous research 0.0-19.9% of HRR was considered sedentary, 20.0%-49.9% of HRR was considered light physical activity, and ≥50.0% was considered moderate-to-vigorous physical activity (MVPA) [37, 38]. Percent HRR was calculating using the following formula heart rate -restingheart rate maximumheart rate -resting heart r rate . Since a maximal exercise test was not conducted, 197 beats per minute was used as the maximum heart rate for all children [39] . Sleep episode data were mapped onto a child's physical activity data to determine sleep and wake times. A day with at least 10 hours of waking wear was considered as a valid day of physical activity [31] . Valid cases were defined as children that had at least 4 days of wear (three weekdays and one weekend day) with ≥10 hours of waking wear time during both break and school weeks. Data were then distilled into the amount of waking time children spent sedentary, in light physical activity, and in MVPA on each day.
Analytic plan
All analyses were completed in May of 2018 in Stata (v14.2, College Station, Texas). Before primary analyses, descriptive means and SDs of school and child characteristics were examined. A two-step analytic plan was undertaken.
First multi-level mixed effect linear regressions with days nested within children and assuming an autoregressive structure for residual errors estimated the difference in mean bed time, wake time, sleep midpoint, time in bed, total sleep time, sleep efficiency, daily minutes sedentary, in light physical activity, and in MVPA on school weeks versus break weeks. Sleep variables and activity minutes were the dependent variables and break was the independent variable. Separate models were estimated for weekend versus weekdays and each sleep and activity variable for both the 1-week break group and the 3-week break group.
Second, to test if the differing school break lengths (i.e. 1 week vs. 3 weeks) were associated differently with children's sleep and activity, multi-level mixed effect linear regressions with the same nesting structure identified above and assuming an autoregressive structure for residual errors were estimated.
These models included sleep variables and activity minutes as the independent variable, a dichotomous break type variable (i.e. 3-week = 1, 1-week = 0), a dichotomous week variable (school week = 1, school break week = 0), and a week by break type interaction variable. All models in step one and two included grade, gender, and day as covariates. Models with a physical activity independent variable included total wear time as an additional covariate. Finally, to examine where differences in sedentary behavior and physical activity occurred the mean minutes of sedentary time, light physical activity, and MVPA was calculated for each hour during school weekday and break weekday.
Results
Descriptive characteristics of the participating schools and children are presented in Table 1 . Sleep and activity outcomes are presented in Table 2 . There were no statistically significant between-group differences in sleep variables during school weeks on weekend or weekdays. The parents of children attending the schools that provided a 1-week break reported their children participating in a mean of 4.1 (SD = 7.0) structured programs outside the school day over the last 12 months. The parents of children attending the school that provided a 3-week break reported their children participating in a mean of 7.4 (SD = 9.0) structured programs. Types of programs reported included, after-school programs, extramural sports programs, and before school activity clubs.
For weekdays, bed times during break shifted 72.7 (95% CI = 57.5, 87.9) and 75.4 (95% CI = 58.1, 92.7) minutes later for children on a 1-week and 3-week break, respectively. Wake times also shifted 111.6 (95% CI = 94.3, 128.9) and 99.8 (95% CI = 80.5, 119.1) minutes later for children on a 1-week and 3-week break, respectively. The shift in bed and wake times affected midpoint of sleep similarly with midpoints shifting 91.3 (95% CI = 78.8, 103.8) and 87.5 (95% CI = 73.2, 101.8) minutes later for children on a 1-week and 3-week break, respectively.
There was also an increase in time in bed and total sleep time for both children on a 1-week and 3-week break. Children on a 1-week break spent 43.0 (95% CI = 30.6, 55.3) more minutes in bed and slept for 38.2 (95% CI = 26.5, 49.9) more minutes during breaks from school. Similarly, children on a 3-week break spent 29.0 (95% CI = 17.2, 40.7) more minutes in bed and slept for 24.8 (95% CI = 13.7, 35.8) more minutes during breaks from school.
There was a −0.5% (95% CI = −1.0%, 0.0%) and −0.6% (95% CI = −1.0%, −0.1%) reduction in sleep efficiency during breaks from school in children receiving a 1-and 3-week break, respectively. No between-group (1-week vs. 3-week) comparisons for weekday sleep variables reached statistical significance during weekdays.
For weekend days, children on a 1-and 3-week break from school went to bed 22.7 (95% CI = 2.8, 42.7) and 40.5 (95% CI = 10.6, 70.4) minutes later than weekend days on school weeks, respectively. Children on a 1-week and 3-week break woke up 34.7 (95% CI = 14.5, 54.9) and 46.2 (95% CI = 15.9, 76.4) minutes later, respectively. Similarly, the midpoint of sleep for children on a 1-week and 3-week break shifted later by 27.4 (95% CI = 11.8, 43.1) and 42.4 (95% CI = 20.7, 64.1) minutes, respectively. No other between (1-week vs. 3-week) or within group difference reached statistical significance on weekend days.
For weekday physical activity, minutes spent sedentary, in light physical activity, or in MVPA were not statistically significantly different during break weekdays when compared to school weekdays in children receiving a 1-week break. For children receiving a 3-week break, weekday sedentary increased by 33.1 (95% CI = 14.1, 52.2) minutes on break weeks when compared to school weeks. Weekday light physical activity and MVPA also decreased by −20.7 (95% CI = −34.5, −6.9) and −13.0 (95% CI = −20.2, −4.2) minutes, respectively, for children on a 3-week break. Further, children receiving a 3-week break increased sedentary by 32.1 (95% CI = 5.8, 58.4) more minutes on break weekdays than children receiving a 1-week break. Children on a 3-week break also reduced weekday MVPA by −13.0 (95% CI = −23.9, −2.0) more minutes than children on a 1-week break.
For physical activity on weekends, children receiving a 1-week break reduced MVPA by −16.2 (95% CI = −29.1, −3.4) minutes on break when compared to school. No other between (1-week vs. 3-week) or within group difference reached statistical significance on weekend days. Figure 1 illustrates the mean hourly accumulation of sedentary, light physical activity, and MVPA for children receiving a 1-week versus 3-week break during a school weekday and a break weekday. For children receiving a 1-week and 3-week break during a school weekday the most sedentary minutes per hour were accumulated prior 11:00 am and then slowly declined throughout the rest of the day. This is contrary to break weekdays for children in both groups where sedentary minutes accumulated per hour stayed relatively stable throughout the day. For children receiving a 1-week and 3-week break from school it appears that more light physical activity per hour was accumulated throughout the morning and early afternoon (i.e. school hours) during school days when compared to break days. Accumulation of MVPA per hour was greater on school days when compared to break days early in the morning, around noon, and in the evening, for both groups of children.
Discussion
This natural experiment evaluated the impact of a 1-week and 3-week break from school on elementary aged children's sleep and physical activity. Further, this study explored if there were differences in changes in sleep and physical activity between children that received a 1-week and 3-week break from school. The results indicate that during breaks children shifted bed and wake times by more than 1 hour on a 1-week and 3-week break. Further, this study showed that the children slept for approximately 20 to 30 minutes more during breaks from school. Sleep changes during break weekdays seemed to be similar for children that received a 1-week or 3-week break from school. For children that received a 3-week break, weekday sedentary time increased while light physical activity and MVPA decreased. These same trends were not observed in children who received a 1-week break. Thus, a 1-week break from school may not have the same impact on children's physical activity as a 3-week break.
The duration of sleep of the participating children, on school and break nights, was less than the 9-11 hours that has been recommended for children ages 5-9 years [40] . Further, children slept more on weekends and on breaks from school. This finding is consistent with previous studies in adolescents that have shown children sleep less on school nights [18] . The authors of this study hypothesized that the adolescents were sleeping longer on breaks from school in order to compensate for restricted sleep on school nights. Data from this study suggests that something similar may be occurring for elementary aged children. It is important to note that short sleep duration in children has been associated with obesity and other health risks, including diabetes, mood disorders, and poor academic performance. In this study, short sleep on school nights was largely a function of bedtimes, which were later than average for children of elementary age [12, 41] . While school was in-session, the children delayed their weekend bedtimes by an additional 20 to 30 minutes. These findings could be important as several studies have shown that, independent of sleep duration, children with later bed and wake times are more likely to be overweight or obese [25, [42] [43] [44] . The reason for this relationship remains unclear, but at least one study in adolescents found that later bed times were associated with increased daily energy intake and screen use [26] . The authors speculated that later bed times lead to more time sedentary in front of a screen later in evenings, which may lead to increased snacking. Another study demonstrated that children who went to bed and woke later engaged in less MVPA and more screen time than children that went to bed and woke earlier [25] . Later wake times may also increase the likelihood that children and adolescents skip breakfast, which has been associated with increased risk for overweight and obesity in elementary aged children [45] and adolescents [46] .
The finding that children shifted weekday sleep later during breaks from school (mid-sleep delay of ~ 90 minutes) is consistent with the structured days hypothesis, which postulates that parents will regulate their children's sleep (i.e. bed and wake times) on nights/mornings prior to a more-structured day [1] . At least one study in preadolescent children has shown that delaying and extending sleep on free-day versus school days, or social jetlag, is related to a variety of markers of adiposity, while sleep duration was not associated with adiposity [47] . Thus, even though children may be compensating for lost sleep during break nights by sleeping 20 to 30 minutes longer than on school nights the large shifts to later bed and wake times during school breaks may be counteracting the benefit of increased sleep duration. Further changes in sleep for children receiving a 1-week or 3-week break were similar, indicating that children's sleep shifts later no matter the break length.
This study demonstrated that minutes sedentary increased by 33.1 minutes while light physical activity and MVPA decreased by −20.7 and −12.2 minutes on weekdays during a 3-week break from school. This finding is also consistent with the structured days hypothesis that posits children engage in less physical activity on less structured days when compared to more-structured days. These same patterns were not observed on weekdays for children during the 1-week break from school. This finding suggests that a 1-week break from school may not be sufficient to meaningfully impact children's weekday activity levels. However, a 3-week break may be enough time to reduce children's activity.
It is important to note that children who received a 3-week break engaged in more light physical activity and MVPA and less sedentary time on weekdays and weekend days during school weeks than children who received a 1-week break. While it is not clear why this was the case there are at least two possible reasons for this. First, the school that provided children with a 3-week break had 60-minute physical education lessons while the schools that provided children with a 1-week break had 40-minute physical education lessons. Extra time during physical education may have lead accumulation of more MVPA. Second, the parents of children attending the school providing a 3-week break reported that their children participated in more-structured programs outside of the school day than parents of children attending the school providing a 1-week break (7.4 vs. 3.1). Structured programs outside of the school day like after-school and sports programs have the potential to provide children with more physical activity on school week and weekend days. The fact that children at the school providing a 3-week break engaged in more of these activities may partially explain differences in activity levels during school weeks.
On break weekend days children's sleep shifted later and, excepting light physical activity for children on a 3-week break, accumulation of physical activity decreased while minutes sedentary increased. However, most of these differences were not statistically significant, and the magnitude of these differences was consistently smaller than break weekday versus school weekday differences. This finding is also consistent with the structured days hypothesis. Weekend days are typically less structured than weekdays due to the absence of school. Therefore, according to the structured days hypothesis, children should engage in less physical activity and sleep should shift later. This pattern is evident in our data when examining weekend days versus weekdays on school weeks. This pattern is consistent with a large body of literature showing that children are typically less active and more sedentary on weekend days compared to weekdays [1] . Thus, it is not surprising that the magnitude of the shifts in sleep and physical activity on break weekend days was typically smaller than the shifts in sleep and physical activity on weekdays.
An interesting, and potentially important, pattern of light and MVPA accumulation was evident in the hourly activity data. Activity accumulation during the hours (i.e. 7:45 am to 2:30 pm) of school operation differed on school weekdays compared to break weekdays. That is, children's hourly accumulation of light and MVPA was greater during school hours on school weekdays when compared to break weekdays. However, hourly activity accumulation in the hours after school ended on school weekdays compared to break weekdays was similar. This finding supports the structured days hypothesis in that the structured and compulsory environment in which children find themselves during the school day leads to more physical activity. Conversely, when school is released, and children find themselves in less structured environments activity accumulation is lower. Thus, interventions that target increasing physical activity accumulation during the school day may be misplaced. Rather, interventions might be more effective if they target activity outside of school hours and during school breaks.
Identifying the effect of varying break lengths on children's sleep and physical activity is critical for addressing accelerated summer weight gain and fitness loss. A growing body of literature has shown that children's weight gain accelerates during the summer while fitness declines [2] [3] [4] [5] [6] [7] [8] [9] 48] . The structured days hypothesis posits that children engage in more negative obesogenic behaviors on unstructured days like spring break or summer vacation. Thus, over the summer children engage in extended periods of detrimental obesogenic behaviors. However, it is unclear how quickly children's behaviors deteriorate. This study begins to fill that gap by showing that sleep behaviors change in as little as 1 week while it may take 3 weeks for physical activity behaviors to shift. This information is critical for researchers, public health professionals, and policy makers as they attempt to design interventions to address unhealthy obesogenic behaviors during summer.
This study has several strengths. First, this study used a within-participant repeated measures design to examine changes in sleep and physical activity during breaks from school. This addressed a serious limitation of previous studies examining obesogenic behaviors on school breaks as many used between participant designs [21, 49, 50] . Second, continuous data were collected over an 8-week period with children providing 16.4 days of valid data on average. This is four times the amount of data typically captured in physical activity studies that seek to capture three weekday and one weekend day of data [51] , and is more than 10 days which some studies suggest are the minimum number of valid days necessary to reliably assess physical activity [52] .
However, there are also limitations of the current study that must be considered when interpreting the data. First, data were collected in three schools that served children that were mostly black and from low-income households. Thus, results from this study may not generalize to other populations of interest. Further, only 63.8% of our recruited sample were considered valid cases. Thus, it is possible that there was some selection bias in our sample. Second, Fitbit has not been used as extensively in sleep and physical activity research as other objective measures of sleep like actigraphy and polysomnography (i.e. considered to be the gold-standard for sleep assessment). Nevertheless, Fitbit measures of sleep and heart rate have been found to have good agreement with polysomnography assessment of sleep and electrocardiography assessment of heart rate [28] [29] [30] . Fitbits were chosen because of this and to minimize participant burden (e.g. ability for family to charge and sync devices at home thus eliminating the need for multiple contacts with the research team over the study duration) over extended wear periods. Third, while we did examine within participant changes in sleep and physical activity during breaks from school versus during school, differences in changes of sleep and physical activity between 1-week and 3-week breaks were based upon betweengroup comparisons. Thus, there is a possibility that break length was not the mechanism driving differences in changes.
While this study adds to the growing literature examining changes in obesogenic behaviors on structured versus lessstructured days there is much work that still needs to be done. Future, studies that examine within-participant changes in sleep and physical activity over spring break and during an extended break like summer break are warranted. Further, seasonality has been shown to affect timing and length of sleep in addition to physical activity levels [22, 53] . Thus, the intersection of seasonality and school breaks should be examined. Also, while this study is one of the first to examine changes in sleep and physical activity over extended school breaks it did not examine changes in behaviors during the summer. This is an important gap in current literature that needs to be addressed in future studies. There is also a lack of studies that examine changes in obesogenic behaviors like physical activity, sleep, and diet in adolescents. Finally, there is also a dearth of studies examining changes in the entire spectrum of obesogenic behaviors (i.e. sleep, physical activity, diet, screen time, sedentary behaviors).
This study is one of the first to examine the association of school breaks of different lengths with children's objectively measured physical activity and sleep. Children's sleep shifted later for both the 1-week and 3-week school break. Children's activity levels changed minimally during a 1-week school break. However, larger changes were observed for children on a 3-week school break. Changes in physical activity and sleep during school breaks could help to explain accelerated weight gain and fitness loss during extended breaks from school like summer vacation. 
